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SCHWARZ LEMMAS FOR MAPPINGS WITH BOUNDED
LAPLACIAN
MIODRAG MATELJEVIC´ AND ADEL KHALFALLAH
Abstract. We establish some Schwarz type Lemmas for mappings defined on
the unit disk with bounded Laplacian. Then we apply these results to obtain
boundary versions of the Schwarz lemma.
1. Introduction and preliminaries
Motivated by the role of the Schwarz lemma in complex analysis and numer-
ous fundamental results, see for instance [15, 16] and references therein, in 2016,
the first author [20](a) has posted on ResearchGate the project “Schwarz lemma,
the Carathe´odory and Kobayashi Metrics and Applications in Complex Analysis”1.
Various discussions regarding the subject can also be found in the Q&A section on
ResearchGate under the question “What are the most recent versions of the Schwarz
lemma ?”[20](b)2. In this project and in [15], cf. also [11], we developed the method
related to holomorphic mappings with strip codomain (we refer to this method as
the approach via the Schwarz-Pick lemma for holomorphic maps from the unit disc
into a strip). It is worth mentioning that the Schwarz Lemma has been generalized
in various directions, see [1, 11, 12, 14, 19].
Recently X. Wang, J.-F. Zhu [18] and Chen and Kalaj [5] have studied boundary
Schwarz lemma for solutions to Poisson’s equation. They improved Heinz’s theorem
[8] and Theorem A below. We found that Theorem A is a forgotten result of H.
Hethcote [9], published in 1977.
Note that previously B. Burgeth [2] improved the above result of Heinz and The-
orem for real valued functions (it is easy to extend his result for complex valued
functions, see below) by removing the assumption f(0) = 0 but it is overlooked in
the literature. Recently, M. Mateljevic´ and M. Svetlik [14] proved a Schwarz lemma
for real harmonic functions with values in (−1, 1) using a completely different ap-
proach than B. Burgeth [2]. In this paper, we further develop the method initiated
in [14]. More precisely, we show if f : U → (−1, 1), f ∈ C2(U) and continuous on
2000 Mathematics Subject Classification. Primary: 30C80, 31A05.
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1Motivated by S. G. Krantz paper [13].
2The subject has been presented at Belgrade analysis seminar [21].
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U, and |∆f | ≤ c on U for some c > 0 then, the mapping u = f ±
c
4
(1 − |z|2) is
subharmonic or superharmonic and we estimate the harmonic function P [u∗], see
Theorem 4. Next, we extend the previous result to complex valued functions, see
Corollary 2. Finally, we establish Schwarz Lemmas at the boundary for solutions to
|∆f | ≤ c. Our results are generalizations of Theorem 1.1 [18] and Theorem 2 [5].
1.1. Notations and background. In this paper U denotes the open unit disk
{z ∈ C : |z| < 1}, and T denotes the unit circle.
A real-valued function u, defined in an open subset D of the complex plane C, is
harmonic if it satisfies Laplace’s equation
∆u(z) =
∂2u
∂x2
(z) +
∂2u
∂y2
(z) = 0 (z = x+ iy).
A real-valued function u ∈ C2(D) is called subharmonic if ∆u(z) ≥ 0 for all z ∈ D.
A complex-valued function w = u+iv is harmonic if both u and v are real harmonic.
Let P be the Poisson kernel, i.e., the function
P (z, eiθ) =
1− |z|2
|z − eiθ|2
,
and let G be the Green function on the unit disk, i.e., the function
G(z, w) =
1
2pi
log
∣∣∣∣1− zwz − w
∣∣∣∣ z, w ∈ U, z 6= w.
Let φ ∈ L1(T) be an integrable function on the unit circle, then the function P [φ]
given by
P [φ](z) =
1
2pi
∫ 2pi
0
P (z, eiθ)φ(eiθ)dθ
is harmonic in U and has a radial limit that agrees with φ almost everywhere on the
boundary T of the unit disc.
For g ∈ C(U), let
G[g](z) =
∫
U
G(z, w)g(w)dm(w)
|z| < 1 and dm(w) denotes the Lebesgue measure in U.
If we consider the function
u(z) := P [φ](z)−G[g](z),
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then u satisfies the Poisson’s equation{
∆u = g on the disk U,
lim
r→1−
u(reiθ) = φ(eiθ) a.e. on the circle.
One can easily see that the previous equation has non-unique solution. Indeed,
the Poisson kernel P (z) =
1− |z|2
|1− z|2
is a harmonic function on the unit disk and
lim
r→1−
P (reiθ) = 0 a.e., but P 6= 0.
It is well known that if φ is continuous on the unit circle, then the harmonic
function P [φ] extends continuously on T and equals to φ on T, see Ho¨rmander [10].
The following is a consequence of the maximum principle for subharmonic func-
tions.
Theorem (Harmonic Majoration). Let u be a subharmonic function in C2(U)∩C(U).
Then
u ≤ P [u|T] on U.
Notations: For b ∈ (−1, 1), and r ∈ [0, 1] let us denote
Ab(r) :=
1− r2
1 + r2
b+
4
pi
arctan r,
Bb(r) :=
1− r2
1 + r2
b−
4
pi
arctan r.
Mb(r) :=
4
pi
arctan
a+ r
1 + ar
,
mb(r) := Mb(−r) =
4
pi
arctan
a− r
1− ar
,
where
a = tan
bpi
4
.
Finally, if f ∈ C2(U) ∩ C(U), then f ∗ := f |T.
2. The Schwarz Lemma for harmonic functions from U into U
The classical Schwarz Lemma (Heinz’s theorem [8]) for a harmonic mapping f
from the unit disc to the unit such that f(0) = 0 is given by
|f(z)| ≤
4
pi
arctan |z|.
Moreover, this inequality is sharp for each point z ∈ U.
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Later, in 1977, H. Hethcote [9] improved the above result of Heinz by removing
the assumption f(0) = 0 and showed the following:
Theorem A. [9, 17] If f is a harmonic mapping from the unit disc to the unit disc,
then ∣∣∣∣f(z)− 1− |z|21 + |z|2 f(0)
∣∣∣∣ ≤ 4pi arctan |z|.
Then B. Burgeth [2] improved the above result of Heinz and Theorem A for real
valued functions (it is easy to extend his result for complex valued functions, see
below) by removing the assumption f(0) = 0.
First, we remark that the estimate of Theorem A cannot be sharp for all values z in
the unit disc. Indeed, let f be a real harmonic functions with codomain (−1, 1) and
let b = f(0). A simple study of the function Ab, defined by Ab =
1− r2
1 + r2
b+
4
pi
arctan r,
shows that if b > 2
pi
, then there exists r0 unique in (0, 1) such that Ab(r0) = 1. More-
over max
r∈[0,1]
Ab(r) > 1. Similarity, for b < −
2
pi
, there exists r1 unique in (0, 1) such
that Bb(r1) = −1 and min
r∈[0,1]
Bb(r) < −1, where Bb(r) :=
1− r2
1 + r2
b−
4
pi
arctan r.
Recently, M. Mateljevic´ and M. Svetlik [14] proved a Schwarz lemma for real
harmonic functions with values in (−1, 1) using completely different approach than
B. Burgeth [2].
Theorem B. [14] Let u : U → (−1, 1) be a harmonic function such that u(0) = b.
Then
mb(|z|) ≤ u(z) ≤Mb(|z|) for all z ∈ U.
This inequality is sharp for each point z ∈ U.
Let us recall that, Mb(r) =
4
pi
arctan
a+ r
1 + ar
, mb(r) =
4
pi
arctan
a− r
1− ar
and,
a = tan
bpi
4
.
Clearly this result improves Theorem A for real harmonic functions, since
Proposition 2.1. Let b be a real number in (−1, 1). Then
(2.1) Mb ≤ Ab and Bb ≤ mb on [0, 1].
That is for any r ∈ [0, 1) and any b ∈ (−1, 1), we have
4
pi
arctan
a+ r
1 + ar
≤
1− r2
1 + r2
b+
4
pi
arctan r,
and,
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1− r2
1 + r2
b−
4
pi
arctan r ≤
4
pi
arctan
a− r
1− ar
,
where a = tan
bpi
4
.
Proof. Let us show the first inequality
4
pi
arctan
a+ r
1 + ar
≤
1− r2
1 + r2
b+
4
pi
arctan r, that
is:
arctan
a+ r
1 + ar
− arctan r ≤
1− r2
1 + r2
(b
pi
4
)
which is equivalent to
arctan
(
a(1− r2)
r2 + 2ar + 1
)
≤
1− r2
1 + r2
arctan(a).
Let fix r ∈ (0, 1) and consider the mapping
φ(a) = arctan
(
a(1− r2)
r2 + 2ar + 1
)
−
1− r2
1 + r2
arctan(a).
The derivative of φ is equal to
φ′(a) =
4r (r2 − 1) a
(r2 + 1) (a2 + 1) ((r2 + 1) a2 + 4ra+ r2 + 1)
.
Thus φ has a maximum at a = 0. As φ(0) = 0, we get φ(a) ≤ 0. 
Combining Theorem B and Proposition 2.1, we get
Corollary 1. If u : U→ (−1, 1) is harmonic, then
(2.2) u(z)−
1− |z|2
1 + |z|2
b ≤Mb(|z|)−
1− |z|2
1 + |z|2
b ≤
4
pi
arctan |z|.
and
(2.3) u(z)−
1− |z|2
1 + |z|2
b ≥ mb(|z|)−
1− |z|2
1 + |z|2
b ≥ −
4
pi
arctan |z|.
where b = u(0).
Remark 1. One may obtain Proposition 2.1 using Theorem B.
Indeed, for b ∈ (−1, 1), let Har(b) denote the family of all real valued harmonic
maps u from U into (−1, 1) with u(0) = b. For z ∈ U, set M∗b (z) = sup{u(z) : u ∈
Har(b)}.
If v ∈ Har(b), then we have v(r) ≤ Ab(r), we call Ab a majorant for Har(b). It is
clear that M∗b ≤ Ab.
From the proof of Theorem 5 [14], it follows that M∗b (r) = Mb(r) on [0, 1). Hence
Mb ≤ Ab on [0, 1).
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Our first aim is to extend Theorem B for complex harmonic functions from the
unit disc to the unit disc, and to recover Theorem A.
Theorem 1. Let f : U→ U be a harmonic function from the unit disc to the unit
disc. Then
|f(z)| ≤Mb(|z|), where b = |f(0)|.
Proof. (1) Fix z0 in the unit disc and choose unimodular λ = e
iα such that λf(z0) >
0.
Define u(z) = ℜ(λf(z)); u(z0) = |f(z0)|.
Hence, using Theorem B, we get
|f(z0)| ≤ u(z0) ≤ Mu(0)(|z0|) ≤M|f(0)|(|z0|).
As the mapping b 7→ Ab(|z0|) is increasing. 
Remark 2.
One can easily recover the estimate
∣∣∣∣f(z)− 1− |z|21 + |z|2 f(0)
∣∣∣∣ ≤ 4pi arctan |z| obtained in
Theorem A.
Indeed, let u(z) = ℜ(λf(z)). By equations 2.2 and 2.3, we have∣∣∣∣u(z)− 1− |z|21 + |z|2u(0)
∣∣∣∣ ≤ 4pi arctan |z|.
But
u(z)−
1− |z|2
1 + |z|2
u(0) = ℜ
(
λ
(
f(z)−
1− |z|2
1 + |z|2
f(0)
))
.
Now, one can choose λ, such that u(z)−
1− |z|2
1 + |z|2
u(0) =
∣∣∣∣f(z)− 1− |z|21 + |z|2 f(0)
∣∣∣∣.
3. Schwarz Lemma for mappings with bounded Laplacian
In [5], for a given continuous function g : G → C, Chen and Kalaj establish
some Schwarz type Lemmas for mappings f in G satisfying the Poisson’s equation
∆f = g, where G is a subset of the complex plane C. Then they apply these results
to obtain a Landau type theorem, which is a partial answer to the open problem in
[6]. Set A(z) =
1− |z|2
1 + |z|2
.
We claim that Theorem 1 in Chen and Kalaj paper [5] holds under additional
conditions. Here we suggest a modification of this result.
Theorem C. Let g ∈ C(U) and φ ∈ L∞(T). Then the function
f := P [φ]−G[g]
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is C2(U) and satisfies the Poisson’s equation{
∆f = g,
f |S1 = φ.
In addition, we have
(3.1) |f(z)− P [φ](0)A(z)| ≤
4
pi
||P [φ]||∞ arctan |z|+
1
4
||g||∞(1− |z|
2),
where ||P [φ]||∞ = supz∈U |P [φ](z)| and ||g||∞ = supz∈D |g(z)|. By f |S1 = φ, we mean
that lim
r→1−
f(reiθ) = φ(eiθ) a.e.
Remark 3. Let g ∈ C(U) and φ ∈ C(T). Then the solutions of the Poisson’s
equation
{
∆f = g,
f |S1 = φ,
are given by f := P [φ]−G[g], see [10] p. 118-120, and we have the estimate (3.1).
Here the boundary condition means that lim
z∈U,z→ξ
f(ξ) = φ(ξ), for all ξ ∈ T. Thus
the version stated in Chen and Kalaj (Theorem 1 in [5]) holds in this setting.
Now we show that Theorem 4 (the next result below) implies Theorem C.
Let f be a real valued C2(U) continuous on U, such that ∆f = g and f ∗ = f |T.
Let K := ||P [f ∗]||∞. By Theorem 4, we have
mb/K(|z|)K − ||g||∞
(1− |z|2)
4
≤ f(z) ≤Mb/K(|z|)K + ||g||∞
(1− |z|2)
4
,
where b = P [f ∗](0). Using Proposition 2.1, we get
Mb/K(|z|)K ≤
1− |z|2
1 + |z|2
b+
4K
pi
arctan |z|,
mb/K(|z|)K ≥
1− |z|2
1 + |z|2
b−
4K
pi
arctan |z|.
Hence ∣∣∣∣f(z)− 1− |z|21 + |z|2P [f ∗](0)
∣∣∣∣ ≤ 4pi ||P [f ∗]||∞ arctan |z|+ 14 ||g||∞(1− |z|2)
If f is complex valued function, we consider u = ℜ(λf), where λ is a complex
number of modulus 1.
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Theorem 4. Let f be C2(U) real-valued function, continuous on U. Let b =
P [f ∗](0), c ∈ R and K is a positive number such that K ≥ ||P [f ∗]||∞, where
f ∗ = f |S1.
(i) If f satisfies ∆f ≥ −c, then
f(z) ≤ KMb/K(|z|) +
c
4
(1− |z|2).
(ii) If f satisfies ∆f ≤ c, then
f(z) ≥ Kmb/K(|z|)−
c
4
(1− |z|2).
Proof. (i) Define f 0(z) = f(z) +
c
4
(|z|2 − 1), and set P [f ∗](0) = b. Then f 0 is
subharmonic and f 0 ≤ P [f ∗]. As
1
K
P [f ∗] is a real harmonic function with codomain
(−1, 1), by Theorem 5 in [14], we obtain P [f ∗](z) ≤ KMb/K(|z|). Thus
f(z) ≤ KMb/K(|z|) +
c
4
(1− |z|2), for all z ∈ U.
(ii) If f satisfies ∆f ≤ c, then define f0(z) = f(z)−
c
4
(|z|2−1), and set P [f ∗](0) =
b. In a similar way, using Theorem 5 [14], we show that for all z ∈ U, we get
f(z) ≥ Kmb/K(|z|)−
c
4
(1− |z|2).

Corollary 2. Suppose that f : U → U, f ∈ C2(U) and continuous on U, and
|∆f | ≤ c on U for some c > 0. Then
|f(z)| ≤ Mb(|z|) +
c
4
(1− |z|2),
where b = |P [f ∗](0)|.
Proof. Fix z0 in the unit disc and choose λ (depends on z0) such that λf(z0) =
|f(z0)|. Define u(z) = ℜ(λf(z)) (we say that u is real valued harmonic associated to
complex valued harmonic f at z0). We have ∆u = ℜ(λ∆f). As u is a real function
with codomain (−1, 1) satisfying |∆u| ≤ c, by Theorem 4, we get
|u(z)| ≤ Mb1(|z|) +
c
4
(1− |z|2), where b1 = P [u
∗](0).
We have b1 = P [u
∗](0) = ℜ(λP [f ∗](0)) ≤ |P [f ∗](0)|. Hence
|f(z0)| ≤Mb(|z0|) +
c
4
(1− |z0|
2),
where b = |P [f ∗](0)|, as the mapping b 7→ Ab(|z0|) is increasing. 
Similarly, under the conditions of the previous theorem, we obtain
(3.2) |f(z)− P [f ∗](0)A(z)| ≤
4
pi
arctan |z|+
c
4
(1− |z|2)
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4. Boundary Schwarz Lemmas
We establish Schwarz Lemmas at the boundary for solutions to |∆f | ≤ c. Our
results are generalizations of Theorem 1.1 [18] and Theorem 2 [5].
Theorem 5. Suppose f ∈ C2(U), continuous on U with codomain (−1, 1), such that
∆f ≥ −c. If f is differentiable at z = 1 with f(1) = 1, then the following inequality
holds:
fx(1) ≥
2
pi
tan
pi
4
(1− b)−
c
2
.
where
b = P [f ∗](0).
Before giving the proof, one can easily show that
M ′b(r) =
4
pi
[
1− a2
(a2 + 1) r2 + 4ar + a2 + 1
]
Hence
M ′b(1) =
2
pi
[
1− a
1 + a
]
=
2
pi
tan
pi
4
(1− b).
As a = tan
bpi
4
.
Proof. Since f is differentiable at z = 1, we know that
f(z) = 1 + fz(1)(z − 1) + fz¯(1)(z¯ − 1) + o(|z − 1|).
That is
fx(1) = lim
r→1−
f(r)− 1
r − 1
.
On the other hand, Theorem 4(i) leads to
1−Mb(r)−
c
4
(1− r2) ≤ 1− f(r).
Dividing by (1− r) and letting r → 1−, we get
(4.1) fx(1) ≥M
′
b(1)−
c
2
.
Thus
fx(1) ≥
2
pi
tan
pi
4
(1− b)−
c
2
.

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Corollary 3. Suppose f ∈ C2(U), continuous on U with codomain (−1, 1) and
differentiable at z = 1 with f(1) = 1.
(i) If ∆f ≥ −c then,
fx(1) ≥ −b+
2
pi
−
c
2
.
(ii) If |∆f | ≤ c and f(0) = 0, then |b| ≤
c
4
and
fx(1) ≥ −
3
4
c +
2
pi
.
Proof. (ii) Using Mb ≤ Ab and Mb(1) = Ab(1) = 1, we get
M ′b(1) ≥ A
′
b(1) = −b+
2
pi
,
(ii) The estimate |b| ≤
c
4
follows directly from Theorem 4.

Remark 6. One can also prove directly that M ′b(1) ≥ A
′
b(1), that is
(4.2)
2
pi
tan
pi
4
(1− b) ≥ −b+
2
pi
for b ∈ [0, 1).
Using the convexity of the tangent function, we get
tan x ≥ 2(x−
pi
4
) + 1 for x ∈ [0, pi/2).
For b ∈ [0, 1), let us substitute x by pi
4
(1− b), we obtain
2
pi
tan
pi
4
(1− b) ≥ −b+
2
pi
.
The following theorem is a generalization on Theorem 2 in [5] where the authors
proved a Schwarz Lemma on the boundary for functions satisfying ∆f = g and
under the assumption f(0) = 0.
Theorem 7. Suppose f ∈ C2(U)∩C(U) is a function of U into U satisfying satisfying
|∆f | ≤ c, where 0 ≤ c <
4
pi
tan
pi
4
(1− b). If for some ξ ∈ T, lim
r→1−
|f(rξ)| = 1, then
lim inf
r→1−
|f(ξ)− f(rξ)|
1− r
≥
2
pi
tan
pi
4
(1− b)−
c
2
.
where b = |P [f ∗](0)|.
If, in addition, we assume that f(0) = 0, then,
|b| ≤
c
4
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and
lim inf
r→1−
|f(ξ)− f(rξ)|
1− r
≥ −
3
4
c+
2
pi
.
Proof. Using Corollary 2, we have
|f(ξ)− f(rξ)| ≥ 1− |f(rξ)| ≥ 1−Mb(r)−
c
4
(1− r2).
Thus
lim inf
r→1−
|f(ξ)− f(rξ)|
1− r
≥ lim
r→1−
1−Mb(r)−
c
4
(1− r2)
1− r
=M ′b(1)−
c
2
.
The conclusion follows as M ′b(1) =
2
pi
tan
pi
4
(1− b).
If in addition, we assume that f(0) = 0, using Equation 3.2, we obtain |b| <
c
4
.
Hence
lim inf
r→1−
|f(ξ)− f(rξ)|
1− r
≥
2
pi
tan
pi
4
(1− b)−
c
2
≥ −b+
2
pi
−
c
2
≥ −
3
4
c +
2
pi
.
The second estimates follows from inequality (4.2). 
Acknowledgement
The first author is partially supported by Ministry of Education, Science and
Technological Development of the Republic of Serbia, Grant No. 174 032.
The second author would like to acknowledge the support provided by the Dean-
ship of Scientific Research (DSR) at the King Fahd University of Petroleum and
Minerals (KFUPM) for funding this work through project No IN161056.
References
[1] T. A. Azerogˇlu and B. N. O¨rnek, A refined Schwarz inequality on the boundary, Complex
Var. Elliptic Equ. 58 (2013), no. 4, 571-577.
[2] B. Burgeth, A Schwarz lemma for harmonic and hyperbolic-harmonic functions in higher
dimensions, Manuscripta Math. 77 (1992), 283-291.
[3] D.M. Burns, S.G. Krantz, Rigidity of holomorphic mappings and a new Schwarz lemma at
the boundary, J. Amer. Math. Soc. 7 (1994) 661-676.
[4] H. H. Chen, The Schwarz-Pick lemma for planar harmonic mappings, Sci. China Math. 54
(2011), 11011118.
[5] S. Chen, D. Kalaj, The Schwarz type Lemmas and the Landau type theorem of mappings
satisfying Poisson’s equations, arXiv:1708.03924 [math.CV]
[6] S. Chen and S. Ponnusamy, Landau’s theorem for solutions of the ∂-equation in Dirichlet
type spaces , Bull. Aust. Math. Soc., doi:10.1017/S0004972717000727, 2017.
[7] S. Chen, A. Rasila, Schwarz-Pick type estimates of pluriharmonic mappings in the unit
polydisk, Illinois J. Math. Vol. 58, no. 4, (2014), 1015-1024
[8] E. Heinz, On one-to-one harmonic mappings, Pacific J. Math. 9 (1959) 101-105.
12 M. Mateljevic´ and A. Khalfallah
[9] H. W. Hethcote, Schwarz lemma analogues for harmonic functions, Int. J. Math. Educ. Sci.
Technol., Vol. 8, No. 1(1977), 65-67
[10] L. Ho¨rmander, Notions of convexity, Progress in Mathematics, Vol. 127, Birkha¨user Boston
Inc, Boston 1994.
[11] D. Kalaj and M. Vuorinen, On harmonic functions and the Schwarz lemma, Proc. Amer.
Math. Soc. 140 (2012), no. 1, 161-165.
[12] A. Khalfallah, Old and new invariant pseudo-distances defined by pluriharmonic functions,
Complex Anal. Oper. Theory (2015) 9:113-119.
[13] S. G. Krantz, The Carathe´odory and Kobayashi Metrics and Applications in Complex Anal-
ysis, arXiv:math/0608772v1 [math.CV] 31 Aug 2006.
[14] M. Mateljevic´, M. Svetlik, Hyperbolic metric on the strip and the Schwarz lemma for HQR
mappings, arXiv:1808.06647v1 [math.CV], http://arxiv.org/abs/1808.06647
[15] M. Mateljevic´, Schwarz lemma and Kobayashi Metrics for harmonic and holomorphic func-
tions, J. Math. Anal. Appl. (2018), https://doi.org/10.1016/j.jmaa.2018.03.069
[16] R. Osserman, A sharp Schwarz inequality on the boundary, Proc. Amer. Math. Soc. 128
(2000) 3513-3517.
[17] M. Pavlovic´, Introduction to Function Spaces on the Disk, Mathematicki Institut SANU,
Belgrade, 2004.
[18] X. Wang, J.-F. Zhu, Boundary Schwarz lemma for solutions to Poisson’s equation, J. Math.
Anal. Appl. 463 (2018) 623-633
[19] Jian-Feng Zhu, Schwarz lemma and boundary Schwarz lemma for pluriharmonic mappings,
manuscript December 2017, to appear in Filomat.
[20] (a) https://www.researchgate.net/project/Schwarz-lemma-the-Caratheodory-and-
Kobayashi-Metrics-and-Applications-in-Complex-Analysis
(b) https://www.researchgate.net/post/What are the most recent versions of
The Schwarz Lemma
(c) https://www.researchgate.net/publication/325430073 Miodrag Mateljevic Rigidity of
holomorphic mappings Schwarz and Jack lemma
[21] M. Mateljevic´, Communications at Belgrade analysis seminar, University of Belgrade, 2017
and 2018.
M. Mateljevic´, Faculty of mathematics, University of Belgrade, Studentski Trg
16, Belgrade, Republic of Serbia
E-mail address : miodrag@matf.bg.ac.rs
A. Khalfallah, King Fahd University of Petrolem and Minerals, Department of
Mathematics and Statistics, Dhahran, Kingdom of Saudi Arabia.
E-mail address : khelifa@kfupm.edu.sa
